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Abstract: 
 Decarbonylation reactions are important reactions in the chemical industry with typical 
methods being costly and wasteful.  It is important to determine an effective catalyst and to see 
how general the reaction is with varying aldehydes, as well as to reduce the waste and make the 
reaction more cost effective.  Several different aldehydes were studied using palladium (II) 
acetate as a catalyst.  The samples were analyzed using Gas Chromatography Mass Spectroscopy 
(GC-MS) to determine if a product was formed based on the percent report obtained.  Palladium 
(II) acetate was found to be an effective catalyst, yielding 100% product for several aldehydes 
used.  Lower yields were attributed to altering the reflux time, distillation processes, and 
attempting to reuse the catalyst.   
 
Introduction: 
Decarbonylation, the process of removing carbon monoxide, was performed as early as 
1965 by Tsuji and Ohno.  It was reported that decarbonylation of aldehydes under mild 
conditions, using the Wilkinson’s catalyst, yielded mixtures of alkanes and alkenes.  An attempt 
to make this initial process catalytic failed because the aldehyde was unable to react at 
temperatures below 200°C (Beck).  Interest continued to rise in the development of 
decarbonylation, its methodology and its application in synthesis.  In 1978, Doughty and 
Pignolet made significant progress toward a more efficient method by introducing bisphosphines 
as ligands for rhodium.  This study continued to find that the favored catalyst was [Rh(dppp)2]Cl, 
which preceded a mechanistic study.  Their study found that five steps were required for 
decarbonylation, including coordination of the aldehyde, oxidative addition of C-H bond, 
extrusion of carbon monoxide, elimination of the product and lastly, the dissociation of the 
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expelled carbon monoxide.  This realization follows closely with the current research, with the 
exception of the catalyst, being palladium (II) acetate for the decarbonylation reactions.  Both of 
these previous studies were undertaken for industrial importance (Fristrup).  
Rune Nygaard Monrad and Robert Madsen investigated decarbonylation of unprotected 
aldoses to produce alditols with one less carbon (Madsen).  Decarbonylation of aldehydes is also 
an important synthetic and biological process and is more advantageous than the 
hydroformylation or Koch reactions, common formylation processes (Pearsall).  The purpose of 
our current research, knowing that decarbonylation occurs with an appropriate catalyst and 
aldehydes, is to determine how general the reaction is for several aldehydes and to discover the 
environmental, “green,” aspects, since the only byproduct is carbon monoxide and the catalyst 
may be reusable.  
With each study performed, different chemicals are used for the catalyst.  The catalyst 
[Rh(CO)(triphos)][SbF6] was found by Christopher Beck and his associates to be an effective 
catalyst for primary and aryl aldehydes at temperatures as low as that of refluxing dioxane.  
When using this catalyst, there are no undesirable byproducts produced through rearrangement.  
Rh(I) was also used in this procedure because it met the three criteria that the team required.  
Firstly, the catalyst had to have an electron rich center to facilitate the addiction of the C-H bond.  
It also had to disfavor ß elimination, thereby preventing the formation of an unwanted alkene, 
and thirdly, the potential catalyst had to expel carbon monoxide from the coordinate sphere in 
order to prevent catalyst poisoning in the reaction.  Phosphine triphos is also commercially 
available (Beck).  Another commercially available catalyst, RhCl3*3H2O when used with 1,3-
bis-diphenylphosphino propane (dppp) ligand in diglyme as a solvent had a high yield with the 
reaction, showing good functional group compatibility (Fristrup).  It was also found that a 
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reaction performed with hydrogen peroxide in the presence of iron(III) or copper(II) salts 
resulted in a moderate yield.  The same study also found that rhodium in a neat solution, without 
the use of a solvent, yields increased product.  Rh(dppp)2Cl, however, is not very soluble in 
organic solvents and has limited use as a catalyst.  This was reinvestigated and it was found that 
it could be used in a wide range of aldehydes through refluxing digylme.  Also, the active 
catalyst could be generated from commercially available RhCl3*3H2O and dppp (Madsen).  A 
study performed by Mary-Ann Pearsall and associates, showed that palladium at lower 
temperatures is an effective catalyst.  They went on further to say that rhodium is a better catalyst 
for higher temperatures, as the previously mentioned studies support.  This study showed that 
palladium catalyzed aldehydes causes a decarbonylation that yields the corresponding alkane, 
alkene, or substituted aromatic compound (Pearsall).  A similar study compared different 
catalysts and their effect on the yield.  In the first reaction, ruthenium was used as a catalyst with 
tert-butyl peroxide (TBP) as the oxidant, which yielded trace amounts of product.  The catalyst 
was then switched to (CO)2Rh(acac) with only 28% yield.  Another option was using dicumyl 
peroxide as the oxidant which was as effective as TBP, however it was more costly and more 
difficult to purify.  The study continued using TBP as the oxidant and the solvent was changed, 
with chlorobenzene being the most effective, with a yield of 61% (Shuai).  Each study found 
rhodium to be an effective catalyst for decarbonylation reactions.   
There is also a variation in the aldehydes each study found to be most effective.  One 
study compared the effectiveness of benzaldehyde to phenyl acetaldehyde (Fristrup).  
Anisaldehyde was also tested  (Shuai).  Other studies focused on an array of aromatic aldehydes 
and aliphatic aldehydes (Pearsall).  The above mentioned studies demonstrate several aldehydes 
5 
 
that are capable of decarbonylation. Currently, we have been working with several aldehydes to 
determine how general the reaction is, using palladium (II) acetate as a catalyst. 
Decarbonylation can be performed in the presence of heat or absence of heat.  Under mild 
heat conditions, transition metal catalysts for decarbonylation require elevated heat, which acts 
as a forcing condition (Beck).   A second study confirmed this technique.  The study found that, 
through decarbonylation of aldose, a minute amount of aldose is present as the free aldehyde.  
An increase in temperature is required to react the small amount of aldehyde available (Madsen).  
A second technique is decarbonylation with no heat used.  O’Connor has demonstrated that when 
using stoichiometric amounts of carbon monoxide abstraction reagent allowed the Wilkinson’s 
catalyst to be catalytic for aldehydes at room temperature.  However, this technique only works 
for primary aldehydes (Beck).    During our study of decarbonylation, elevated temperature was 
used.  
Although most studies did not specify what instruments were used, Beck and his 
associates did treat the product with a stream of nitrogen gas and a NMR spectrum was obtained 
(Beck).  To determine the yield, we used a gas chromatography mass spectrometry apparatus, 
also with a stream of helium.  Our results were then compared to a library database to determine 
what the product in question was.  
As with any experiment, problems arise.  During rhodium-catalyzed decarbonylation of 
aldoses, D-glucose was used as a substrate.  However when used in conjunction with 
RhCl3*3H2O and dppp, the reaction quickly turned black due to the precipitation of rhodium 
metal.  Earlier work may help explain this problem.  The catalyst rhodium (III) is reduced to Rh 
(I)  by dppp, but glucose is also a reducing agent which may be responsible for the further 
reduction to Rh(0), which is rhodium metal.  To prevent this unwanted reaction, the catalyst was 
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switched to Rh(dppp)2Cl after first experimenting with mixing RhCl3*3H2O  and dppp in 
refluxing diglyme and adding glucose, which only caused decomposition (Madsen).  Although a 
problem occurred, it was resolved and decarbonylation was achieved.   
The effectiveness of the decarbonylation reaction varied based on the catalyst and 
aldehyde being used and the techniques employed.  One experiment found that high catalyst 
loading was required in many instances due to the small amount of free aldehyde present.  As 
expected, a lower catalyst loading caused a lower yield due to incomplete conversion of the 
aldehyde (Madsen).  Decarbonylation occurs at a specific temperature and time interval.  Shuai 
and fellow researchers experimented with increasing and decreasing the reaction time to see if it 
related to the effectiveness of the decarbonylation reaction.  They found that decreasing the 
reaction time caused a decrease in yield from 61% to 52%.  However, increasing the reaction 
time did not cause an increase in product yield.  The same researchers also found the most 
effective combination of chemicals for a decarbonylation reaction.  They found that using TBP 
(tert-butyl peroxide) as an oxidant, chlorobenzene as a solvent and 2.5 equivalents of 
anisaldehyde had the highest yield of 81% (Shuai).  When [Rh(CO)(triphos)][SbF6] was used as 
the catalyst in the decarbonylation reaction the yield ranged from 15% to 65%.  The 
decarbonylation of primary and aryl aldehydes was found to be more effective than the 
decarbonylation of secondary aldehydes.   However, using no catalyst proved to be ineffective.  
Reactions performed with no catalyst, showed only the starting aldehyde (Beck).  In a combined 
experimental and theoretical study, decarbonylation was compared for benzaldehyde and phenyl 
acetaldehyde.  It was found that the phenyl acetaldehyde reacted approximately 20 times faster 
than benzaldehyde.  Although the speed of reaction for phenyl acetaldehyde was much faster, it 
is important to note that the rate determining step for both is the same, shown by the similarity of 
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the two kinetic isotope effects.  It has been determined that the C-H bond is broken when the 
reaction goes from the resting state to the selectively determining step in both aldehydes.  It was 
also shown through kinetic data that the slope of the Hammett plot was positive, indicating that 
the reaction is accelerated by electron-withdrawing aldehyde substituents (Fristrup).  
Each research team came to different conclusions based on their experiments.  Shuai 
found that decarbonylation reactions work well with electron rich aldehydes with a methoxy 
group at the para or meta position (Shuai).  A different study by Madsen found that the complex 
[Rh(CO)(triphos)][SbF6] was an effective catalyst for primary and aryl aldehydes under mild 
conditions, with little or no production of unwanted side products (Beck).  A conclusion of 
another related study showed that decarbonylation of unprotected and partially protected 
carbohydrate aldehydes were most effective.  They believe that this will allow for the possibility 
of using carbohydrates as chiral starting materials in synthetic chemistry (Madsen).  A third 
study proposed a mechanism consisting of oxidative addition, migratory extrusion, and reductive 
elimination.  They also found that the rate-determining step is the migratory extrusion (Fristrup).  
It was found that the reflux temperature decreased with time which implies the formation of a 
more volatile, lower boiling compound (Pearsall). 
An important aspect of research is determining where one can expand.  During the 
rhodium-catalyzed decarbonylation of aldoses research, one technique emerged that warranted 
further investigation.  Knowing that aldoses can be accelerated by an acid or base, experiments 
were performed using acetic acid or pyridine.  Both increased the product yield in a shortened 
reaction time but pyridine gave the best results.  Decarbonylation experiments were then carried 
out in the presence of 6% pyridine.  It was shown that using pyridine caused the reaction to 
proceed faster and it made it possible to use less of the rhodium catalyst (Madsen).   
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Mechanism:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Proposed mechanism for the decarbonylation of aldehydes using palladium (II) 
acetate.  Step one starts with the palladium acetate bonded to carbon monoxide.  When the 
aldehyde is added (2) it forces the carbon monoxide from the metal complex as the metal inserts 
between the carbon and hydrogen (3).  In step four, the hydrogen rearranges and bonds directly 
to the palladium metal.  Step five causes the carbon and hydrogen on the ring to migrate and 
attach to the palladium as carbon monoxide.  The hydrogen attached to the palladium causes the 
benzene ring to separate (6) and the original palladium acetate with carbon monoxide is 
regenerated (1). 
Instrument:  
1 
5 
4 
2 
3 
6 
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Figure 2. Above is a schematic representation of a GC-MS 
 
This instrument used in my setup was the gas chromatography mass spectrometry, which 
tested the solution sample.  This is an analytical technique that combines gas chromatography 
and mass spectrometry to identity different substances within a sample. 
 In gas chromatography (GC), gaseous analyte is transported through a column by a 
gaseous mobile phase known as the carrier gas. The GC in our lab uses Grade 5 Helium as the 
carrier gas.  To test our sample, 0.5µd is injected quickly and effectively and the analysis is able 
to begin.  It is important to inject the sample rapidly due to the high temperature of the injection.  
If not done quickly enough, the sample has the potential to vaporize inside the syringe which 
would yield inaccurate data.  Also, injecting the sample rapidly decreases the potential for band 
broadening, which also causes inaccurate readings. After approximately 25 minutes, the analysis 
is complete and a graph of peaks is produced, showing different molecular weights, which in 
turn, allows for one to determine what compound is present.  After testing my solutions, the 
syringe is cleaned with dichloromethane several times (Harris).    
Mass spectrometry (MS) is a technique for studying the masses of atoms or molecules.   
A mass spectrum is achieved when a gaseous species desorbed from condensed phases are 
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ionized.  The ions are accelerated by an electric field and then separated according to their mass-
to-charge ration.  The area of each peak of the spectrum is proportional to the abundance of each 
isotope.  Mass spectrometers work equally well for negative and positive ions by reversing the 
voltage when the ions are detected.  This was important in this research to determine if the 
product was formed when the decarbonylation reaction occurred.  The peaks were able to be 
checked against a library of the MS by clicking on the peak in question, which generated a 
known chemical with the same peaks for comparison.   
 
Purpose: 
 The purpose of this research was to investigate a reaction for decarbonylation of 
aldehydes using a catalyst, in this case, palladium (II) acetate.  By using different aldehydes, the 
generality of the reaction was also investigated.  Also, alternatives methods to make the 
decarbonylation reaction greener were explored.  
 
Materials: 
Chemicals used (aldehydes): 
2,4-dichlorobenzaldehyde 
3,4-dimethoxybenzaldehyde  
2,4-dimethlybenzaldehyde 
Octanal 
Cinnaldehyde  
4-nitrobenzaldehyde 
2,4-dimethoxybenzaldehyde 
Anisaldehyde 
4-chlorobenzaldehyde 
Chemicals used (other): 
Palladium (II) Acetate 
Dichloromethane 
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Experimental Setup: 
 
 Figure 2 shows the experimental setup for decarbonylation of aromatic aldehydes. To 
begin the reaction, 0.10g of palladium (II) acetate was weighed out and added to a 500mL round 
bottom flask containing a spinvane.  Next, 100g of the selected aldehyde was weighed out and 
added to the palladium catalyst in the flask.  The flask was placed in a heating mantle which was 
regulated by a variable transformer.  The heating mantle was placed on a stirring hot plate in 
order for the mixture to be constantly stirred throughout the reaction.  Placed on top of the flask 
was a distilling column and a condenser with a smaller round bottom flask attached to the 
opposite end, which collected the distillate.   
 The setup also contained two thermometers and a variable transformer which regulated 
the temperature of the heading mantle.  One thermometer measured the temperature in the flask 
while a second measured the vapor that traveled up the distilling column.  This allowed us to 
determine when the reaction was losing a carbon, since the boiling point would lower because 
the loss of a carbon causes the boiling point to be depressed.  Depending on the aldehyde being 
used, a vacuum was attached to the condenser to facilitate the process.  A photo of the setup can 
be seen in the image below.  
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Figure 3. The experimental setup for the decarbonylation of aldehydes  
 
Experimental Procedure: 
 Each sample was placed into the round bottom flask which contained palladium acetate 
and a spinvane.  The flask was setup for reflux and distillation.  Each aldehyde was allowed to 
reflux for several hours, and if a reaction occurred it was then distilled at atmospheric pressure.  
Once the reaction was completed, a sample was taken from the original flask to see if it 
contained either product or unreacted starting material.  If distillation occurred, the distillate was 
also tested. The one drop of sample was placed into a 25mL Erlenmeyer flask which contained 
10mL of dichloromethane. After setting up the computer for analysis, 0.5µL of a sample was 
rapidly injected at the port on the top of the instrument.  After it was injected, the syringe was 
washed ten times with dichloromethane to prevent contamination for the next sample being 
tested.  The solution was run for 22.9 minutes as determined by the temperature program of the 
GC-MS.  After the 22.9 minutes, the data was analyzed by the gas chromatography spectra, mass 
spectroscopy, and percent composition report.  From the three, the identity and percent of each 
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component in the solution was determined.  The peaks were also compared to the known library 
database for more accuracy.  
Results: 
 Table 1 shows an overview of the aldehydes that were used in the decarbonylation 
reaction with variations in length of time the reaction was allowed to reflux.  The table also 
identifies the product and the percent yield, making note of any differences in the way the 
reaction was run.  As seen in run one, when 3,4-dimethoxybenzaldehyde was refluxed for six 
hours there was 100% purity of product and 90.7% synthesis of 1,2 dimethoxybenzene.  
However, when the reflux time was decreased to 4.5 hours, the percent purity decreased to 
95.69% and they percent yield decreased to 83.3% as shown in run two.  The starting material, 
3,4-dimethoxybenzaldehye was also analyzed when the catalyst was reused, only yielding a 58% 
pure product and 68% yield of product.  When too much heat was used in run four, it also 
decreased the yield of 1,2-dimethoxybenzene to 47% purity and 56.54% yield.  Through 
decarbonylation of anisaldehyde, a 100% purity of methoxybenzene was produced.  Distilling 4-
chlorobenzaldehyde, in run 8 yielded 100% purity and 70% yield of the product, chlorobenzene.  
Run nine shows the complete decarbonylation of 2,4 dimethylbenzaldehyde to 1,3-
dimethylbenzene.  Runs 10 to 13 had minimal product formed.  
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Table 1. A table of the results for decarbonylation of several aldehydes 
 
Table 1: A table of the results for decarbonylation of several aldehydes.  
Gas chromatography-mass spectroscopy is an important tool to determine the identity of 
a sample.  Below, each product with significant yield is represented by a gas chromatography 
spectrum as well as mass spectroscopy spectrum that compared the experimental spectra to a 
library of spectra to accurately determine which compounds are in the sample.  
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4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00
0
500000
1000000
1500000
2000000
2500000
3000000
3500000
4000000
4500000
5000000
5500000
6000000
6500000
Time-->
Abundance
TIC: DIMETHBE.D
 
Figure 4.  Gas chromatography spectra of 1,2-dimethoxybenzene. 
 
10 20 30 40 50 60 70 80 90 100 110 120 130 140
0
2000
4000
6000
8000
m/z-->
Abundance
Scan 700 (9.705 min): DIMETHBE.D
138
95
77
123
52 65
10784
10 20 30 40 50 60 70 80 90 100 110 120 130 140
0
2000
4000
6000
8000
m/z-->
Abundance
#26230: Benzene, 1,2-dimethoxy- (CAS) $$ Veratrol $$ Veratr
138
95
123
7752
6541
26
1103219 10459 85
 
Figure 5. Mass spectroscopy spectra for 1,2-dimethoxybenzene.  The top is the experimental spectra which is 
compared to the library spectra below. 
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4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00
0
10000
20000
30000
40000
50000
60000
70000
80000
90000
100000
110000
120000
Time-->
Abundance
TIC: 24DIMEBZ.D
 
Figure 6. Gas chromatography spectra of 1,3-dimethoxybenzene. 
 
 
10 20 30 40 50 60 70 80 90 100 110 120 130 140
0
2000
4000
6000
8000
m/z-->
Abundance
Scan 894 (11.835 min): 24DIMEBZ.D
138
78
109
9565
52
10 20 30 40 50 60 70 80 90 100 110 120 130 140
0
2000
4000
6000
8000
m/z-->
Abundance
#26237: Benzene, 1,3-dimethoxy- (CAS) $$ m-Dimethoxybenzene
138
10978
9565
41 52
15
29 12359
 
Figure 7. Mass spectroscopy spectra for 1,3-dimethoxybenzene.  The top is the experimental spectra which is 
compared to the library spectra below. 
 
 
 
17 
 
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00
0
500000
1000000
1500000
2000000
2500000
3000000
3500000
4000000
4500000
5000000
5500000
6000000
6500000
7000000
7500000
Time-->
Abundance
TIC: ANISDIST.D
 
Figure 8. Gas chromatography spectra of methoxybenzene. 
 
 
30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110115
0
1000
2000
3000
4000
5000
6000
7000
8000
9000
m/z-->
Abundance
Scan 161 (3.794 min): ANISDIST.D
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65
78
51
93
746155 82 89 10469
30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110115
0
1000
2000
3000
4000
5000
6000
7000
8000
9000
m/z-->
Abundance
#9144: Benzene, methoxy- (CAS) $$ Anisole $$ Anisol $$ Ani
108
7865
39
9351
746143 55 84
 
Figure 9. Mass spectroscopy spectra for methoxybenzene.  The top is the experimental spectra which is compared to 
the library spectra below. 
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Time-->
Abundance
TIC: 4CLBENZ.D
 
Figure 10. Gas chromatography spectra ofchlorobenzene. 
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1000
2000
3000
4000
5000
6000
7000
8000
9000
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51
207 280 445327 354 400133152 488233
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0
1000
2000
3000
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8000
9000
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Abundance
#10427: Benzene, chloro- (CAS) $$ Chlorobenzene $$ MCB $$ P
112
77
51
 
Figure 11. Mass spectroscopy spectra for chlorobenzene.  The top is the experimental spectra which is compared to 
the library spectra below. 
 
 
Discussion:  
The results obtained correlate closely with Shuai and his associates, who worked on 
explaining how general the decarbonylation reaction is.  He found that decarbonylation works 
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best with a methoxy group at the para or meta position.  Our results support his conclusions.  
When using methoxy aldehydes including 3,4-dimethoxybenzaldehyde and 2,4-
dimethoxybenzaldehye there was a 100% yield in product.   
As demonstrated in previous work done by Shuai, when the reaction time is decreased, 
the yield is decreased.  This was also demonstrated with our research.  When refluxing 1,2-
dimethoxybenzaldehyde for six hours there was a 100% synthesis of the distilled product 1,2-
dimethoxybenzene.  However, when the reflux time was decreased to 4.5 hours, the distillated 
yield decreased to around 95% product.  Although this is a minor decrease, it still follows the 
trend that previous research has shown. 
Pearsall demonstrated that when the reflux temperature decreased, it was an indication of 
the formation of a more volatile, lower boiling compound.  This was very applicable to our 
experiments as well.  When this occurred in our work, it showed promise that product was 
formed.  After about fifteen to twenty minutes, if the temperature did not decrease, it was a 
strong indicator of a lack of product being formed.  Although it was still allowed to reflux for 
several hours, as a precaution, it was correct in assuming a lack of product, as occurred in runs 
10-12. 
A problem that may have arisen during our research occurred due to the distillation 
process.  When comparing runs six and seven using anisaldehyde an anomaly in the data 
occurred.  Run six had a 100% synthesis of the product methoxybenzene.  However, when the 
solution was distilled and the distillate was tested, the yield was reduced to 86%.  A probable 
explanation for this is that the distillation was not complete and product did not finish distilling 
over when the heat was terminated.  Therefore, although there was only an 86% yield, the 
remaining product most likely remained in the starting flask.  This was corrected when 4- 
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chlorobenzaldehyde was distilled at a slower pace, to allow the entire product to be distilled 
over.  This approach was successful as shown by the 100% yield of the product chlorobenzene.  
Run three shows the decarbonylation reaction results when the catalyst was reused.  
When reacting the reused catalyst with the starting material, 1,2-dimethoxybenzaldehyde, there 
was a 58.7% synthesis of the product 1,2-dimethoxybenzene.  Although the catalyst was not 
completely reusable after testing it in one run, it shows promise for green chemistry.   
It is important to note that only one GC-MS was shown, representing each product 
formed.  Although 3,4-dimethoxybenzaldehyde was used several times, the GC-MS for the 
product remained relatively similar, despite changes in yield.  The difference in GC-MS of lesser 
yielding results showed an additional peak which typically represents the starting material.  
It was also found that electron releasing groups seem to enhance the reaction whereas 
electron withdrawing groups such as nitro groups inhibit the reaction.  As shown in run 10 with 
2,4-dichlorobenzaldehyde and in run 13 with 4-nitrobenzaldehyde there was minimal yield 
because both are electron withdrawing groups.  Also, an alpha hydrogen next to the carbonyl, as 
seen in octanal and cinnaldehdye, causes a lower reaction yield as well.   
 
Conclusion:  
 It was found that palladium (II) acetate proved to be an effective catalyst for the 
decarbonylation of aromatic aldehydes, with product yields ranging from 85-100%.  Some 
aldehydes did not decarbonlyate at all however, possibly due to the aldehyde geometry.   A 
mechanism found from literature was used as a basis, trying several different aldehydes to 
determine how general the reaction is.  Solvents were also eliminated from the reaction to make 
the process greener.  More attempts to make the reaction green came from reusing the catalyst.  
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Although not completely reusable, it shows promise in the field of green chemistry.  It was also 
shown that decreasing the reaction time decreases the yield, as shown in previous research.   
 In the future, adjustments and advancements will be applied to this research.  One of 
these advancements is to continue to make the reaction greener by developing a procedure to 
allow for the catalyst to be reused, producing a higher product yield.  This would add an 
economical green aspect to the research as well.  A second advancement, as shown in Madsen 
and his associates’ work, is adding pyridine to the reaction.  This allows the reaction to be 
accelerated and requires less catalyst.  
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International Application:  
 “Going Green” is now a term that chemistry can relate to in many different applications.  
The decarbonylation reaction studied using palladium (II) acetate is considered green in several 
different aspects.  Firstly, through reflux, the only byproduct is carbon monoxide.  Although at 
first glance this seems like a negative effect, it is an improvement on oxidations in the past that 
used solvents and yielded high amounts of waste (Brink).   
 Green chemistry also addresses economical issues.  When using specific catalysts, 
palladium acetate being one, the reaction is able to be reused and recycled to a certain extent.  
When reusing the catalyst with dimethoxybenzaldehyde there was a product yield of 71%.  
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Although not completely reusable during the one trial where it was attempted, it shows progress 
toward reusability.   
 From an international approach, it is important for the United States to continue to make 
strides toward a “greener” and more sustainable country, much like other countries are doing.  
Through my studies in Scandinavia, I realized how much can be done in daily life to go green, 
such as using bikes and public transportation and moving away from nuclear and oil as forms of 
energy.  Making strides in chemistry is very important, as it is used in many other fields 
including pharmaceuticals, plastics, environmental and in government to name a few.  If 
construction and development of products used greener chemistry their production would cause 
fewer environmental hazards and less waste during the chemical processes.    
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